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Abstract: The field of electronics is the fast developing science and in the present scenario, its contribution 
to the technology is growing rapidly. Continuous usage of these devices generates high heat .This induces 
thermal stresses in the electronic circuits, leading to the failure in the components .The generated large 
heat flux is not removed effectively and it leads to deterioration in the effective functioning of the 
electronic devices. Also, the effective thermal management becomes one of the major serious challenges in 
many technologies because of constant demands for faster speed and continuous reduction of device 
dimensions. Heat pipe is a special type of heat exchanger that transfers large amount of heat due to the 
effect of capillary action and phase change heat transfer principle .It is a simple device with no moving 
parts that can transfer large quantities of heat over fairly large distances without requiring any power 
input 
I. PRINCIPLE OF OPERATION 
 
Fig  Principle of operation of heat pipe 
COMPONENTS OF HEAT PIPE 
Heat pipe has three components: 
1. Casing 
2. Working Fluid 
3. Wick 
Casing:  
The case is the heat pipes connection to the outside 
environment. Heat has to be transferred through the 
case to and from the working fluid in the evaporator 
and condenser. At the same time it is desirable to 
have no heat transfer in the adiabatic area and to 
maintain pressure differential across the walls. 
Selection of the case material depends on the 
following factors: 
 Compatibility  (both working fluid and the 
external environment) 
 Strength to weight ratio 
 Thermal conductivity 
 Ease of fabrication including weld ability, 
machinability and ductility 
Materials for casing 
 Aluminium 
 Stainless Steel 
 Copper 
 Composite materials  
 Refractory materials (for high temperature heat 
pipes) or linings to prevent corrosion 
Working fluid  
Selection of working fluid is directly linked to the 
properties of the fluid. The properties are going to 
affect both the ability to transfer heat and 
comparability with the case and wick material. 
Following things are to be considered while 
choosing the working fluid 
a) Compatibility with wick and wall materials 
b) Good thermal stability 
c) Wet ability of wick and wall materials 
d) Vapour pressures not too high or low over the 
operating temperature range 
e) High latent heat 
f) High thermal conductivity 
g) Low liquid and vapour viscosities 
h) High surface tension 
The most common working fluid is ammonia. The 
standard working fluid for space applications and 
some refrigerants is water. Meanwhile, the standard 
working fluid for most terrestrial applications, some 
organic working fluids and alkali-metals, especially 
sodium as the standard high temperature working 
fluid. The majority of heat pipes for room 
temperature applications uses ammonia (213-373K), 
methanol(283-403K), ethanol(273-403K), 
water(303-473K) as working fluid and typically 
operates in the of 20-150
o 
C. 
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Working Fluids and Temperature Ranges of Heat 
Pipes: 
Each heat pipe application has a particular 
temperature range in which the heat pipe needs to 
operate. Therefore, the design of the heat pipe must 
account for the intended temperature range by 
specifying the proper working fluid.  
II. EXPERIMENTAL INVESTIGATIONS 
 
Fig Experimental setup of a heat pipe. 
EXPERIMENTAL SETUP: 
The equipment is very versatile and can be used for 
checking performances of different heat pipes for by 
varying different parameters like heat input and flow 
rate with reference to different angle of inclination. 
Experimental setup consists of the following 
components 
Evaporator:  
An evaporator is a device used to turn the liquid 
form of a chemical into its gaseous form. The liquid 
is evaporated, or vaporized, into a gas. Here the 
evaporator acts as the heat source which produces 
heat which needs to be transferred along the 
available area. 
Condenser:  
A device or unit used to condense vapour into 
liquid. Here the condenser is the receiving end 
serving as the heat sink, which absorbs heat due to 
the circulating water around it provided on the water 
jacket. 
Control unit:  
For varying the power input (V & I) as and when 
required. 
Thermocouple:  
A thermocouple is a temperature measuring device 
consisting of two dissimilar conductors that contact 
each other at one or more spots. Here I have usedK-
TYPE thermocouple for measuring temperature of 
condenser and evaporator. Type K (chromel - 
alumel) is the most common general purpose 
thermocouple. It is inexpensive, and a wide variety 
of probes are available in its −200 °C to +1350 °C 
range. 
Water sink/tank:  
Water required for circulation is taken from the 
bottom tank and is passed over the condenser region 
with help of water pump supplied with 2 valves, 
where it absorbs heat and thus the heated water is 
brought out from the pipe coming out from the 
condenser section. 
Measuring jars and stop watch: 
Measuring jars and stop watch are required for 
recording the flow rate &time. 
Helical grooved heat pipe & specifications: 
 
Fig (a) Helical grooved heat pipe 
Total length of heat pipe = 565 mm 
Length of evaporative section = 200 mm 
Length of adiabatic section = 165 mm 
Length of condenser section = 200 mm 
Outer diameter of heat pipe = 15.88 mm 
Inner diameter of heat pipe = 14 mm 
Heat pipe material = Copper 
Working fluid = De ionized water 
Filling ratio = 55% 
Heat pipe code = S2AD-15858/75/18/30 
PROCEDURE: 
 Heat pipe was set with the experimental setup 
and adjusted to 15
o
 inclination angle 
 Thermocouples were set at the condenser and 
evaporator section 
 Pump was turned on and water circulation  is 
allowed over the condenser section with the 
help of water jacket and mass flow rate was 
measured with the help of measuring jar and 
firstly mass flow rate set to 0.01 kg/s 
 Heater is switched on,variac is adjusted to 100 
W 
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 Temperatures at the evaporator and condenser 
sections were taken after steady state is reached 
and water outlet temperature should also be 
taken 
 Repeated the same procedure by adjusting the 
variac to 150W,200W,250W and 300W at 
mass flow rates 0.02 kg/s and 0.03 kg/s with 
inclination angles 30
o
,60
o
 and 90
o
 
PRINCIPLES OF CALCULATION: 
The thermal performance of heat pipe is quantified 
in terms of thermal resistance and heat transfer 
coefficient. The thermal resistance of heat pipe 
depends on heat input and temperature difference 
between evaporator and condenser.  
Thermal resistance is calculated by the following 
equation 
Rth  = 
Qin
TcTe   
Where  
Heat input( in)=  *   ( in watts) 
Te=Evaporator temperature, Tc=condenser 
temperature                                                                                             
The heat transfer coefficient of heat pipe depends on 
heat input, surface area of evaporator section and 
temperature difference between evaporator and 
condenser. 
Overall heat transfer coefficient is given by 
h = 
   
          
 
Where  
Surface area(  ) = п * D *    
D = Outer diameter of heat pipe 
Le= Length of evaporator 
OBSERVATION TABLES: 
Table Inclination angle (θ) = 15o and mass flow 
rate (m) = 0.01 kg/s 
Sn
o 
 
Qin(
W) 
 
Te(
o
C) 
 
Tc(
o
C) 
 
TWin(
o
C) 
 
TWout
(
o
C) 
 
h(W/
m
2
K) 
 
Rth(K
/W) 
SAMPLE CALCULATIONS: 
At Inclination Angle = 15
o
 and mass flow rate (m )= 
0.01 kg/s 
1)For heat input 102.9W 
Rth = 
Qin
TcTe   
=
          
      
 
= 0.0389 K/W 
h= 
   
          
 
=
     
           
 
= 2585.42 W/m
2
K 
Where 
As= п * D *    
= п * 0.01588*0.2 
= 0.00997m
2
 
GRAPHS & EXPLANATIONS 
 
Fig (a)Heat input Vs Heat transfer coefficient at 
m=0.01 kg/s 
 
Fig(b) Heat input Vs Heat transfer coefficient at 
m=0.02 kg/s 
 
Fig(c) Heat input Vs Heat transfer coefficient at 
m=0.03 kg/s 
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Fig(d) Heat input Vs Thermal resistance at m=0.01 
kg/s 
 
Fig(e) Heat input Vs Thermal resistance at m=0.02 
kg/s 
 
Fig (f) Heat input Vs Thermal resistance at m=0.03 
kg/s 
From the graphs (fig (a) to fig (f)) we can 
summarize as follows 
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